Objective: To assess the utility of the proposed World Health Organization (WHO)'s International Classification of Disease (ICD) framework for classifying patient safety events. Setting: Independent classification of 45 clinical vignettes using a web-based platform. Study participants: The WHO's multi-disciplinary Quality and Safety Topic Advisory Group. Main outcome measure(s): The framework consists of three concepts: harm, cause and mode. We defined a concept as 'classifiable' if more than half of the raters could assign an ICD-11 code for the case. We evaluated reasons why cases were nonclassifiable using a qualitative approach. Results: Harm was classifiable in 31 of 45 cases (69%). Of these, only 20 could be classified according to cause and mode. Classifiable cases were those in which a clear cause and effect relationship existed (e.g. medication administration error). Nonclassifiable cases were those without clear causal attribution (e.g. pressure ulcer). Of the 14 cases in which harm was not evident (31%), only 5 could © The Author 2017. Published by Oxford University Press in association with the International Society for Quality in Health Care. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com 548 be classified according to cause and mode and represented potential adverse events. Overall, nine cases (20%) were nonclassifiable using the three-part patient safety framework and contained significant ambiguity in the relationship between healthcare outcome and putative cause. Conclusions: The proposed framework enabled classification of the majority of patient safety events. Cases in which potentially harmful events did not cause harm were not classifiable; additional code categories within the ICD-11 are one proposal to address this concern. Cases with ambiguity in cause and effect relationship between healthcare processes and outcomes remain difficult to classify.
Introduction
The World Health Organization (WHO) is currently revising its International Classification of Diseases (ICD). The revision work is being conducted by a number of topic advisory groups or 'TAGs' whose work is being coordinated centrally by a Revision Steering Group and Task Force [1] . For the first time, the ICD revision process has included consideration of how the coding system can lead to effective measurement of quality and safety [2] . This work is being conducted by the Quality and Safety TAG (QS-TAG), consisting of international experts representing several domains including: quality and safety research, coding and classification, clinical care and health system leadership [3] .
The QS-TAG efforts have led to a series of recommendations related to the classification of adverse events and other patient safety events. Most importantly, QS-TAG recommended the formulation of a common patient safety framework that considers each patient safety event from three perspectives [2] : the harm experienced by the patient, the cause of the harm and the mode by which the harm occurred. For this classification system, the 'harm' represents an actual outcome experienced by the patient and is classified using any code within the ICD; the 'cause' represents the underlying healthcare intervention and is classified using a set of codes classifying healthcare interventions in four subcategories (drugs, devices, procedures and other aspects of care); and the 'mode' is the mechanism by which the cause led to harm and is classified using unique mode/mechanism codes for each of the four subcategories of causes of harm. In addition to the safety framework, the QS-TAG has made a series of recommendations to add or delete codes with the goal of ensuring users' ability to code events completely and nonambiguously.
We recently performed a field trial (i.e. applied testing of coding performance of the new ICD-11 system) to assess the new approach. Our evaluation was performed to achieve two objectives. First, we wanted to assess whether the patient safety framework was applicable to a range of commonly occurring patient safety events and, for those cases in which it was not applicable, to understand the reasons why it was not. Second, we wanted to determine content coverage by the proposed classification system. We are reporting on the results of this field trial as the results have implications beyond the development of the ICD-11.
Methods

Clinical cases
We created a coding field trial exercise by identifying a total of 45 clinical vignette scenarios relating to patient safety. The vignettes were obtained by selecting 15 [5] .
The patient safety events include a brief description of the incident, usually two to four sentences in length. Participants did not have access to the source material from which the description was derived or know who had written each description. We selected cases to represent an array of clinical scenarios, to limit redundancy and to purposely provide differing levels of detail. The full set of case vignettes and their sources is presented in Appendix 1, where the three sources described above are designated, respectively, as CIHI, Surveillance and AHRQ.
Field trial subjects
The study subjects for this field trial were the members of the QS-TAG. This is a diverse group, including (n = 16) members from (six) countries in three continents, among whom there is expertize in (with some individuals counted twice) health services research and epidemiology (n = 6), coding and classification (n = 6), clinical care (n = 7) and health system management (n = 3). We sent an electronic invitation, containing a description of the task and detailed instructions, to all members of the committee. All of the QS-TAG members had been previously involved in the development of the newly-proposed ICD-11 coding system for healthcare-related adverse events. With such subjects doing the coding, the field trial was thus a first assessment of code system performance, in the hands of the new classification's developers.
Case review and coding process
We created an online platform to enable geographically and temporally disconnected study subjects to undertake case reviews and coding using the REDCap (Research Electronic Data Capture) tools hosted at the University of Calgary [6] . REDCap is a secure, web-based application designed to support data capture for research studies.
For each patient safety event, we asked reviewers to classify the: (1) harm/injury, (2) cause and (3) mode/mechanism. For each classification, the reviewers were asked to assign an ICD-11 code. To enable code selection, we provided access to the online 'ICD-11 Beta Draft (Joint Linearization for Mortality and Morbidity Statistics)', September 2014 Frozen version (http://apps.who.int/classifications/ icd11/frozen-2014-10-01/l-m/en). If the reviewer could not find an applicable code for the concept, we asked them to explain (i.e. we did not force them to enter a value).
Reviewers were permitted to save the survey and return later, to consult with colleagues and to revisit their ratings from prior cases, until submission of their entire survey for analysis.
Analysis
We performed quantitative and qualitative analyses. For the quantitative analysis, we counted the frequency with which reviewers classified each concept (harm, cause and mode) for each case, and assessed the consistency of classification between subjects. We then defined a concept as 'classifiable' for a case if more than half of the reviewers assigned a code to the concept. To assess the consistency of classification for the cases and concepts deemed classifiable, we assessed the fraction of cases coded a common way. For example, if 11 reviewers coded harm for a case and 8 coded the case using a similar code, then we assessed the consistency as 8/11 (or 88%).
Using these measures, we first grouped cases according to whether they could be classified. We then qualitatively reviewed the cases within each group to determine the nature of the events and gain a better understanding of the reasons for consistent or inconsistent classification. We used this information to generate formal recommendations to the WHO to revise both the code content of the evolving beta versions of ICD-11, and the associated reference manual for ICD-11 that defines coding rules for the new classification. Fig. 1 and Table 1 describe the flow of cases according to our assessments of whether concepts were classifiable. Of all cases (n = 45), 31 (69%) were judged by the reviewers to be associated with clear instances of harm occurring to patients, whereas 14 (31%) cases were not. Of the 31 cases with harm, 20 (44%, overall) could be readily classified according to cause and mode. Of these 20 cases, 9 were from CIHI, 7 were from The Ottawa Hospital and 4 were from the AHRQ. The remaining 11 (24%, overall) cases with identifiable harms could not be classified by their cause and/or mode. Of these 11 cases, 3 were from CIHI, 5 were from The Ottawa Hospital and 3 were from the AHRQ.
Results
Quantitative analysis
Of the 14 cases with no harm, it was possible to identify healthcare-related factors that could be causes of harm within 5 (11%, overall) of the cases. Those potential causes of harm had associated modes/mechanisms of harm that could also be coded. These five cases include 'near-miss' scenarios where something goes wrong during care, but the patient does not suffer an actual classifiable injury or harm. Among these five cases, three were from CIHI, whereas two were from the AHRQ. The remaining nine (20%, overall) cases were not at all classifiable into the three-part harm/cause/ mode model developed for ICD-11 by the QS-TAG. These cases represented three cases from The Ottawa Hospital and five cases from the AHRQ.
When concepts could be classified, reviewers did so in a consistent manner. For the 31 cases in which harm was present, the average consistency in ratings was 89% (range 56-100%); for the 30 cases in which a cause was coded, the average consistency was 77% Figure 1 Groupings of events as determined by whether harm, cause and mode were classifiable. (range 44-100%) and for the 25 cases in which the mode was coded the average consistence was 72% (range 43-100%).
Qualitative analysis
Cases that were classifiable using the framework of harm, cause and mode: n = 20 cases (44%; Case IDs: 1, 2, 5, 6, 9, 11, 12, 13, 15, 16, 18, 21, 25, 27, 28, 29, 34, 36, 37, 42). These 20 cases (44%) all represented adverse events (health outcome caused by healthcare intervention). The harm outcomes typically occurred shortly after the intervention implicated as the cause. In fact, for 18 of 20 events, they occurred during a single hospital encounter. For the other two events, the outcome occurred shortly after a recent hospitalization. In all cases, the outcome was highly visible (e.g. an adverse drug event due to a missed allergy check) and the intervention was a dominant explanation (i.e. there were no competing or alternative causes).
Cases that could only be classified with a diagnosis representing possible harm but where classifying cause and/or mode were problematic: n = 11 cases (24%; Case IDs: 4, 10, 14, 17, 19, 20, 26, 30, 31, 33, 44) .
These 11 cases (24%) also represented adverse events, but it was more difficult to link a specific intervention or omission in care to the outcome. Several events represented hospital-acquired infections and one case was a pressure ulcer. It is not always possible to identify a specific cause for these conditions. For example, while it may be possible to implicate a specific procedure in a case of infected surgical incision, confident attribution of it may be impossible for a postoperative case of pneumonia. In these 11 cases, reviewers had difficulty classifying a mechanism because none was stated in the vignette. The mode (or mechanism) of a wound infection is likely multi-factorial and often cannot be known especially as described in the case notes of an adverse event.
Cases in which no harm was identified but in which it was possible to classify a healthcare-related factor that could have caused harm, and an associated mode/mechanism of harm: n = 5 cases (11%; Case IDs: 3, 7, 8, 39, 45).
These five cases all represented 'potential' adverse events. These were process errors that did not cause harm to the patient but had the potential to do so. Examples include a medication error that did not harm the patient, and a documentation error that was caught just in time. While the draft of ICD-11 used for this study included categories that allow coding of some other types of case that do not center on a diagnosis (e.g. examination and investigation of a person who was involved in a road crash, and who turned out to be uninjured) it lacked categories that were suitable for coding cases that involved a healthcare-related error that had potential to have caused harm, but did not.
Cases that were not classifiable: n = 9 cases (20%; Case IDs: 22, 23, 24, 32, 35, 38, 40, 41, 43).
These nine cases were characterized by at least one of several factors: lack of clarity as to the outcome, prolonged time between the care and the outcome, competing explanations for the outcome and uncertainty about possible omissions in optimal care. In these cases, the outcome reflected the natural course of the disease but its severity may or may not have been worse as a result of a delay in therapy, a diagnostic error, or a communication challenge (including documentation).
DISCUSSION
We performed this evaluation to assess the content coverage of the WHO's new ICD-11 classification including our proposed patient safety framework. Overall, the content and framework functioned well with most cases being classified according to at least two of the framework's three core concepts: harm, cause or mode. When concepts could be classified, experts assigned codes in a consistent manner. Furthermore, for the concepts that we could not fully classify, these gaps were most often related to the nature of the patient safety event as opposed to the adequacy and coverage of the proposed 
Addition of coding rules for training material
Training material is required to ensure standard application of framework independent of setting Need to include sanctioning rule to 'Drugs medicaments and biological substances associated with injury or harm in therapeutic use'-May code the specific drug responsible for injury or harm from the X-chapter drug listing Ensuring capability to code near misses Near misses are more common than adverse events; near misses and adverse events are caused by the same system defects; a common method of classifying all safety events is desired
Add new block of codes to Chapter 24 † : Healthcare-related events influencing the episode of care, but without documented injury or harm, e.g. -Events associated with a surgical or other medical device influencing the episode of care, but without documented injury or harm -Events associated with a surgical or other medical procedure influencing the episode of care, but without documented injury or harm -Events associated with exposure to a drug, medicament or biological substance influencing the episode of care, but without documented injury or harm † As per ICD-11 Beta version December 2015.
ICD-11 coding framework. However, the field trial did identify several specific areas to improve the ICD-11. These recommendations have now been incorporated into the ongoing iterative revision of the ICD-11. This evaluation supports the WHO's ICD-11 revision process by providing insights on existing clinical content. This exercise resulted in several recommendations pertaining to coding patient safety events. First, the field trial identified specific healthcare-related causes and modes that required revision. Second, the field trial provided insight into specific coding rule modifications. These will be incorporated into the ICD-11 reference guide, which will be used as the reference tool for teaching and training future coders for ICD-11. Third, the field trial highlighted the common scenario of patient safety incidents that do not necessarily cause tangible harm to a patient (e.g. administration of the wrong drug without resulting harm), but nonetheless have significant learning value for healthcare providers. Table 2 provides a summary of the recommendations with examples.
The primary purpose of the ICD is to enable classification of diseases and injuries. When harm results from a patient safety event, it can usually be coded as a disease or injury. However, diagnosis codes are not applicable to 'near-miss' cases, in which a potentially harmful patient safety event occurs, but no harm is identified. The welcome absence of harm does not mean that there is no reason to record such events. Additional observation and investigations might be required to ensure that harm did not occur, and documentation has importance for preventative and other reasons. Current incentive systems make it unlikely these types of events will be captured in the medical record; however, they could be captured using voluntary reporting systems or more proactive surveillance [7] . It is desirable to monitor near misses because the underlying system defects causing them are the same as those causing adverse events. Therefore, a single coding system which classifies causes and mechanisms independently to whether harm occurs is desirable in all health systems [8] . This is consistent with current thinking with respect to the creation of just cultures within healthcare [9, 10] . Accordingly, the Q&S TAG recommended to the WHO that capability to code 'near-miss' patient safety events should be provided in ICD-11. ICD-11 includes a chapter to enable coding of 'Factors influencing health status and contact with health services', which are not themselves diagnoses but are relevant to healthcare. The Q&S TAG recommended the insertion into this chapter of a block of codes for 'healthcare-related events influencing the episode of care, but without documented injury or harm'. The proposed additional codes will make it possible to code a larger proportion of the patient safety/quality of care cases strengthening the quality and safety use case for ICD-11.
This work has implications beyond the development of ICD-11. We found that most safety events were classifiable using a framework of harm, cause and mode. This gives us confidence that the approach we used for the ICD-11 is sound and reassures us that the decision to incorporate concepts for patient safety documentation from the AHRQ Common Formats [8] and the International Classification of Patient Safety [11] was effective. This suggests that developers of incident management systems, indicator systems, surveillance tools or other safety learning systems could use the ICD-11 as a foundation to detect and classify cases [11, 12] .
This study has some caveats and limitations. Most notably, the 45 clinical cases tested represent a modest spectrum of clinical scenarios, tested by individuals who were involved in developing the new ICD-11 coding framework for quality and safety. Future work will need to include greater number and diversity of reviewers and cases, and will also need to assess consistency of ratings in a more robust way. Further, future field trial work will need to assess use of ICD-11's novel features under more 'real-world' coding scenarios. For this field trial, reviewers were instructed to report all cases in a prescribed manner, forcing all adverse event descriptions into a three-part framework focusing on harm, cause and mode/mechanism. In the field, users of ICD-11, will not be-and need not besimilarly constrained. These caveats notwithstanding, this early Q&S TAG field trial has provided information that informs iterative ICD-11 revision and future evaluations.
In conclusion, we have established a framework and code set that enables the classification of most of the patient safety events we sampled. In instances where the three-part framework did not fully apply, we found that key elements of the framework could still be adapted and applied. We support ongoing efforts to improve the ICD-11 as reflected in our recommendations. It remains to be seen whether it will be possible to incorporate the proposed framework into safety learning systems with explicit instructions regarding how to handle cases when one of the concepts is not present. We predict ongoing improvements in both the ability to classify concepts using this classification approach, and the consistency of classification. Further field trials are currently underway testing the classification system in conditions that more closely resemble realworld use. 1 Patient experienced an unexpected burn to chest wall as a result of radiation therapy for lung cancer. The documentation reveals that the exposure time was inadvertently prolonged. Cold compresses were applied to relieve the patient's discomfort. CIHI 9/11 9/11 6/11 2 The patient sustained multiple rib fractures associated with chest compressions during cardiopulmonary resuscitation.
CIHI 11/11 8/10 6/8 3 Patient presented in labor. An epidural was administered to the patient. When it was noted that the epidural was not working, it was discovered that penicillin G had been administered into the epidural space rather than the usual anesthetic mixture (incorrect IV bag). No treatment was given to the patient, other than close observation for signs and/or symptoms of an allergic reaction, which did not occur. Following hip replacement surgery, this patient has femoral palsy which is documented as being secondary to a retractor used during the surgery CIHI 9/9 8/10 6/9 7 Patient had left hip replacement performed. The operative report documents that after closure of the wound and while the patient was still in the operating room, one surgical sponge was noted to be missing in the sponge count. Intraoperative X-ray confirmed a sponge marker within the acetabulum; the patient was prepped and draped again. The incision was reopened to remove the sponge.
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CIHI NC 8/9 9/ 9   Table continued 
